The analytical performance of cumulative area pre-processing (CAP), a recently developed signal filtering method, along with multivariate calibration for quantification of spectrally overlying drugs was outlined. The drug combinations containing high level of paracetamol (PAR) in the presence of caffeine (CAF), chlorpheniramine maleate (CHL), pseudoephedrine hydrochloride (PSE), phenylephrine hydrochloride (PHE), and diphenhydramine hydrochloride (DPH). The tested formulations were: PAR-CAF-PHE, PAR-CAF-PHE, and PAR-DRH. Based on netanalyte signal calculations, the formulations exhibited intense overlapping 53-68% for PAR-PSE-CHL, 55-95% for PAR-CAF-PHE, and 44% for PAR-DRH. For each system, PLS latent variables were estimated using cross-validation technique and more factors were needed for highly overlapping systems. PLS-CAP was found applicable for drugs quantification in all systems with excellent performance regardless the size of spectral overlapping and ratios of components in the formulation. For PAR-PSE-CHL (ratio 300:30:2 mg/tablet), the ingredients were quantified by CAP-PLS with satisfactorily recoveries (RSD, n = 3) 89.9% (3.1%), 104.6% (2.7%), and 99.0% (1.5%) for PAR, PSE, and CHL, respectively. Both PLS and CAP-PLS were demonstrated the same performance for binary system of modest overlapping and no component available in low concentration.
INTRODUCTION
Commercial drug formulations often contain more than one activates pharmaceutical ingredients (APIs) that present in variable levels to achieve the best pharmacological performance 1 . The spectral overlapping between the active ingredients is often moderate but intense overlapping is also possible. In addition to spectral overlapping and nonlinearity in the system, drug production stages like crystallization, drying, solid dosage form, added excipients, and tableting at different conditions can affect the spectral behavior of APIs 1, 2 . Accordingly, accurate analytical methods are always needed in this regard 1 . The development and formulation of the pharmaceuticals brought a revolution in human health. These pharmaceuticals would help their intent only if they are free from impurities and are administered in an appropriate quantity. Hence, there are many challenges and it can be reduced by effective use of excipients, which permits formulators to overcome these challenges. It becomes necessary to develop new analytical methods because sometimes the dosage form contains other substances which potentially interfere in the assay and, if not corrected, may impart a systematic error to the assay 1 . Multi-component formulations have gained a lot of attention nowadays due to greater patient acceptability, increased potency, multiple action, quick relief and fewer side effects 1, 2 . Market is flooded with combination of drugs in various dosage form. One of such combination is paracetamol (PAR) with other drugs including caffeine (CAF), diphenhydramine hydrochloride (DPH), chlorpheniramine maleate (CHL), pseudoephedrine hydrochloride (PSE), phenylephrine hydrochloride (PHE). For example, PAR and DPH are co-formulated in pharmaceutical product for temporary relief of pain when associated with sleeping difficulty [2] [3] [4] [5] [6] [7] .
The combination PAR-CHL-PSE has been recently introduced in the market to treat the symptoms of most flues [5] [6] [7] . The combination PAR-CAF-PHE was also formulated to relief from major cold and flu symptoms and applied at day time as it doesn't cause drowsiness.
Various chemical and instrumental methods were developed to make drugs serve their purpose at regular intervals which are involved in the estimation of drugs. These pharmaceuticals may develop impurities at various steps of their development, transportation and storage, which makes the pharmaceutical risky to be administered. Thus, they must be identified and quantified. Hence, analytical instrumentation and methods play an important role. Thus, the review highlights a variety of analytical, chromatographic and instrumental method developed such as; High Performance Liquid Chromatography (HPLC), High Performance Thin Layer Chromatography (HPTLC), and Gas Chroma-tography (GC) have wide application in assuring the quality and quantity of pharmaceutical products and these instrumental methods are simple, precise, rapid, and reproducible and have been applied in the analysis of pharmaceuticals for assessing the quality of the drugs [8] [9] [10] .
Recently, multivariate calibration methods have been intensively employed for analyzing pharmaceutical formulations and detection of released drugs in urine and plasma [5] [6] [7] . Particularly speaking, PAR and CAF have been quantified in drug formulations using first-order multivariate calibration methods with high accuracy and without implementing any chromatographic procedure 6, 7 . Compared to liquid chromatography, assaying drug formulations by multivariate calibration required less solvent consumption and avoids using tedious chromatographic instruments 2, 3 . First order multivariate calibration methods includes multilinear regression (MLR), principal component regression (PCR), partial least-squares (PLS-1), and many others 11 . In a recent study, both PAR and PHE were quantified in four-drug formulations using PLS1 calibration 5, 6 .
PHE was quantified in the presence of PAR in tablet form with excellent recovery 7 . In another study, novel application of PCR and PLS was developed for determination of PAR, CAF, and CHL in real formulations containing other medicines 6, 7 . In the drug formulation, the recovery and RSD values were 99.91% (1.69%), 100.15%(1.35%) and 100.49%(1.66%) for PAR, CAF and CHL, respectively. In the second method PLS was applied to quantify four medicines in real formulation with high recoveries and RSD: 99.80% (1.67%), 100.19% (1.42%) and 100.45% (1.86%) for PAR, CAF and CHL, respectively 7 . There is no published literature dealing with simultaneous quantification of PAR and DPH in real formulations. Spectral overlapping between drugs was reported to have a negative influence on the performance of multivariate calibration methods 11 . Form the earlier studies, it is concluded that multivariate calibration is applicable for medicines determination in different commercial formulations including tablet and syrups.
Usually, the pre-processing methods are divided into three categories: a) filtering and de-noising, generally associated with the improvement of the signalto-noise ratio. These methods are applied to the raw data before the construction of the multivariate model and reduce the influence of the random variance without altering that useful, b) spectral normalization and differentiation, such as the spectral derivation and the application of the Fourier transform. These procedures are also applied before the construction of the model, and c) selection of the variables and reduction of dimensionality of the data. These methods are applied by multivariate modeling and therefore involve both the matrix X (independent variables) and the matrix Y (dependent variables). The most used method is orthogonal signal correction. There are a number of excellent review articles providing guidance for application of the pre-processing techniques to the analytical signals [12] [13] [14] . In some pharmaceutical formulations one or more components are present in very low concentrations, so as to be hidden by the components more concentrated or by the instrumental noise. This increases the difficulty of building a mathematical model able to predict in a satisfactory manner all the species present in the mixture. In these cases, the data pre-treatment should provide to amplify the analytical information due to the components at lower concentration and at the same time to minimize the spectral noise that can interfere with their determination.
In the current work, the application of newly proposed cumulative area preprocessing (CAP) will be evaluated for prior to PLS calibration for quantification of binary and ternary drugs systems. CAP was developed to amplify the spectral signals. CAP-PLS will be tested on the quantitative analysis of one binary and ternary pharmaceutical formulation. The common difficulty in analyzing these matrices was the presence of some components in much lower amount than other components. The binary formulation consisted of paracetamol-diphenhydramine hydrochloride (ratio 20:1), paracetamol-caffeinephenylephrine hydrochloride (ratio 100:5:1 mg/tablet), and paracetamol-pseudoephedrine hydrochloride-chlorpheniramine maleate (ratio 150:15:1 mg/ tablet). The analytical performance of CAP-PLS and PLS for drugs quantification will critically discussed. More attention will be paid on the influence spectral overlapping among drugs on their quantification by CAP-PLS. Influence of pH and spectral range on spectral analysis will be also considered.
METHODOLOGY

Drugs and marketed formulations
The pharmaceuticals paracetamol (PAR), caffeine (CAF), diphenhydramine hydrochloride (DPH), phenylephrine hydrochloride (PHE), pseudoephedrine hydrochloride (PSE), and chlorpheniramine maleate (CHL) were kindly donated from Dar Al-Dawaa company (Dar Al-Dawaa, Naour, Amman, Jordan). Distilled water was used for preparation of standard solutions and dissolution of commercial tablets. The marketed drugs were Panadol cold and flu® (Active ingredients: PAR-PSE-CHL 500:30:2 mg/tablet; excipients Silicon dioxide, stearic acid, sodium benzoate, povidone, starch, maize starch, and talc, GlaxoSmithKline Dungarvan Ltd., Co. Waterford, Ireland), Panadol cold and flu Day® (Active ingredients: PAR-CAF-PHE 500:25:5 mg/tablet; excipients pre-gelatinised starch, maize starch, povidone, potassium sorbate, talc, stearic acid, microcrystalline cellulose, sodium lauryl sulphate, sunset yellow, GlaxoSmithKline Dungarvan Ltd., Co. Waterford, Ireland), and Panadol night ® (PAR-DPH 500:25 mg/tablet; excipients maize starch, pregelatinised starch, potassium sorbate, povidone, talc, and stearic acid, GlaxoSmithKline Dungarvan Ltd., Co. Waterford, Ireland) All other reagents were of the highest purity commercially available. Blocking the effects of histamine and causes drowsiness.
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Standard solutions, calibration/validation mixtures Stock solutions were separately prepared by dissolving in ethanol nearly 25.0 (±0.0001 g) mg of each drug in 100 mL volumetric flasks. A first set of 9 binary calibration samples was built by combining five levels of PAR and DPH within the range 1.0-12.0 mg/L.A second calibration set of nine ternary mixture solutions was prepared for PAR-CAF-PHE and PAR-PSE-CHL systems. For PAR-CAF-PHE, drug ranges were 2.0-15.0 mg/L for PAR, 2.0-16.0 mg/L for CAF and 1.0-8.0mg/L for PHE. For PAR-PSE-CHL, drug ranges were1.0-16.0 mg/L for PAR, 1.0-8.0 mg/L for PSE, and 1.0-12.0 mg/L for CHL. Calibration set of the binary mixtures was created by following a full experimental design while calibration sets of binary systems selected according to Brereton`s rule using three different concentration levels. To validate the PLS and CAP-PLS models, three independent external validation sets consisting of 7 solutions for binary and ternary systems were prepared. Marketed formulations were assayed by weighing four tablets for binary system and five tablets for ternary systems and grinding the tablets to a fine powder. The powder was suspended in water and diluted to a final volume of 100 ml. The suspension was sonicated for 10 min, filtered through a 0.45μm filter, and properly diluted in preparation for spectral analysis.
Partial least squares and net-analyte signal calculations
A double beam UV-visible spectrophotometer (Thermo scientific. Genesys 10S UV-VIS (USA)) with quartz cuvette cell of 1.0 cm path length was employed. The spectral bandwidth was 1.0 nm with fast wavelength-scanning speed. Scans were carried out in the range of 200-300 nm at (1.0 nm step, 101 points/ spectrum). The spectral data obtained for calibration mixtures are placed in matrix A (size 101×9) and spectral data of validation set are placed matrix B (size 101×7). On the other hand, concentration data are placed matrix C (size 9×3 for ternary systems and size 9×2 for binary system). Partial least squares PLS1 is an efficient tool for developing a quantitative relationship between several predictor variables A (spectral data) and a property of interest c (the independent variable or drugs content) as shown below 11, 15 :
Where c contains the concentrations of calibrated drug in calibration samples arranged in a vector and b is the calibration sensitivity which is necessary for estimating drugs content in the adsorption solutions 11, [16] [17] [18] :
Where W is the weights matrix for A, P is the loadings matrix of A, q is the loadings vector for c, t donates transpose operation, and -1 stands for inverse operation. Once b is estimated, prediction of drug concentrations (c un ) from the unknown spectrum a is carried out as following 11, [16] [17] [18] :
Optimum number of PLS-latent variables were estimated using cross-validation method 15 . The predicted concentrations were compared with the known concentrations of the compounds in each calibration sample. The prediction error sum of square (PRESS) and the relative error of prediction (REP %) were calculated for drugs in calibration and validation samples as following 17, 19 : solutions 11, [16] [17] [18] :
Where Wis the weights matrix for A, P is the loadings matrix of A, q is the loadings vector for c, t donates transpose operation, and -1 stands for inverse operation. Once b is estimated, prediction of drug concentrations (cun) from the unknown spectrum a is carried out as following 11, [16] [17] [18] :
Optimum number of PLS-latent variables were estimated using cross-validation method 15 . The predicted concentrations were compared with the known concentrations of the compounds in each calibration sample. The prediction error sum of square (PRESS) and the relative error of prediction (REP %) were calculated for drugs in calibration and validation samples as following 17, 19 : 
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Where Sis the matrix of sensitivities collected for all other solutes, skis the sensitivity vector o analyte, and sk* is the spectrum of pure analytek measured at unite concentration (sensitivity Sensitivity (SEN) value of analytek is the norm (║║) of the net sensitivity vector, it was defin amount of net signal that, in prediction, corresponds to a concentration equal to unity 21 :
Selectivity (SEL) can be defined as the part of the measured signal unique to the analyte of in Based on NAS theory, the selectivity measures the extent of spectral overlapping. SEL can be expressed by the ratio between the norm of the NAS vector and the norm of the spectra. SEL
Where C actual , C prd , and n, are actual concentration (mg/L), predicted concentration obtained by PLS (mg/L), and number of training samples (solutions), respectively. A unifying framework for calibration and prediction in multivariate calibration is shown based on the concept of the Net Analyte Signal (NAS). NAS is the part of the measured spectrum that the calculated model uses for prediction. The main equation that is needed to estimated figures of merit is 15, 20, 21 :
Where Sis the matrix of sensitivities collected for all other solutes, s k is the sensitivity vector of the analyte, and s k * is the spectrum of pure analytek measured at unite concentration (sensitivity factor). Sensitivity (SEN) value of analytek is the norm (║║) of the net sensitivity vector, it was defined as the amount of net signal that, in prediction, corresponds to a concentration equal to unity 21 :
Selectivity (SEL) can be defined as the part of the measured signal unique to the analyte of interest. Based on NAS theory, the selectivity measures the extent of spectral overlapping. SEL can be expressed by the ratio between the norm of the NAS vector and the norm of the spectra. SEL values are extended from zero (high overlap with other interferences) to unity (no overlap with other sample components). High values of SEN are an indication of high method accuracy for that analyte 15, 20, 21 :
The limit of detection (LOD) obtained assumes that the prediction uncertainties are approximately constant. LOD gives the minimum detectable amount of k solute. A reasonable estimation to determine the LOD can be estimated as 21 :
Where ║ε║ is a measurement of the instrumental noise, and s* was defined above. Then the norms of blank readings (║NAS blank ║) are estimated and ║ε║ is taken as the standard deviation of estimated norms 21 .The limit of quantification (LOQ) is the minimum quantifiable amount of the solute, is estimated as 15, 21 :
All calculations were carried out using special matlab-codes under MATLAB ® .
Cumulative area pre-processing of spectral data prior to PLS calibration
Data treatment by CAP transforms the original UV spectrum to a new curve using the area underlying the same spectrum. This elaboration is based on two mathematical steps. In the first step, the area a λi binning of the two consecutive wavelengths (λ i and λ i+1 ) is calculated as 7 :
Data treatment by CAP transforms the original UV spectrum to a new curve using the are the same spectrum. This elaboration is based on two mathematical steps. In the first step, binning of the two consecutive wavelengths (λi and λi+1) is calculated as
Where ab is the absorbance value at a single wavelength. This calculation is repeated for wavelengths in the spectrum. In the second step, the cumulative sum of the single areas is in such a way as the cumulative area at each wavelength Aλi resulted from the sums of all the preceding wavelengths. For a spectral region between λm and λn (λm<λn), the cumulati is estimated as Where ab is the absorbance value at a single wavelength. This calculation is repeated for all the wavelengths in the spectrum. In the second step, the cumulative sum of the single areas is computed, in such a way as the cumulative area at each wavelength A λi resulted from the sums of all areas a i of the preceding wavelengths. For a spectral region between λ m and λ n (λ m <λ n ), the cumulative area A λm,n is estimated as 7 :
Data treatment by CAP transforms the original UV spectrum to a new curve using the are the same spectrum. This elaboration is based on two mathematical steps. In the first step, binning of the two consecutive wavelengths (λi and λi+1) is calculated as 
RESULTS AND DISCUSSION
Influence of solution pH on spectral behavior of pharmaceuticals (12) Treatment of the original UV spectra using CAP (Eqs 11 and 12) offers many advantages including amplification of the analytical signals for all solutes and possible quantification
Influence of solution pH on spectral behavior of pharmaceuticals
Influence of solution pH on spectral behavior was studied for all drugs at pH 3.0, 7.0, and 10.0 to cover all possible conditions. Among the drugs, identical spectral shapes over the range (230-280 nm) were observed for CHL and PSE and hence there was no need to present their profiles. On the other hand, the UV-absorption behavior of PAR (which present in all systems), CAF, PHE, and DPH were notably changed with solution pH as depicted in Fig 1 . As shown in Fig 1, large variation was noted in the spectra of CAF at the studied pH and over the range (200-240 nm) and slight variations were observed over the rest of the domain. In the same time, the distinct wavelength positioned at 273 nm was not affected with solution pH. More variations were observed in the PAR spectra, the intensity was notably increased at pH over the range 200-220 nm while the main peak (243 nm) was shifted to 250 nm at pH 10.0. The most drastic changes were reported for PHE as shown in Fig 1. It was highly possible that PHE underwent chemical reaction at the basic medium and this was deduced from the developed spectrum which has two wavelengths at 208 and 237 nm. To avoid PHE side-reaction, it was practical to run UV measurements at pH 7.0. As can be noted from the earlier discussion, the optimum pH for spectral analysis is 7.0 which maintain As shown in Fig 1, large variation was noted in the spectra of CAF at the studied pH and over the range (200-240 nm) and slight variations were observed over the rest of the domain. In the same time, the distinct wavelength positioned at 273 nm was not affected with solution pH. More variations were observed in the PAR spectra, the intensity was notably increased at pH over the range 200-220 nm while the main peak (243 nm) was shifted to 250 nm at pH 10.0. The most drastic changes were reported for PHE as shown in Fig 1. It was highly possible that PHE underwent chemical reaction at the basic medium and this was deduced from the developed spectrum which has two wavelengths at 208 and 237 nm. To avoid PHE side-reaction, it was practical to run UV measurements at pH 7.0. As can be noted from the earlier discussion, the optimum pH for spectral analysis is 7.0 which maintain stable structure and high UV absorption for all drugs. For DPH, there was a significant light absorption with pH over the range (200-230 nm), while, pH has no effect on the spectrum over the rest of the domain. pH 7.0 seems to be a good choice to run spectral measurement for this drug. In fact, protonation, hydrolysis, and internal-arrangement of drug molecules are highly possible at acidic or basic solutions and this affects their spectral properties. Accordingly, solution pH should be adjusted to get unique spectral characteristics of the measured drug.
Spectral behavior of pharmaceuticals and spectral overlapping
In fact, intense spectral overlapping among pharmaceuticals would retard their quantification in solution and in real formulation 11, 15 . Accordingly, the spectral behavior of pharmaceuticals and extent of overlapping were evaluated before running multivariate calibration. The UV spectra of the studied systems are presented in Fig. 2 basic solutions and this affects their spectral properties. Accordingly, solution pH should be adjusted to get unique spectral characteristics of the measured drug.
In fact, intense spectral overlapping among pharmaceuticals would retard their quantification in solution and in real formulation 11, 15 . Accordingly, the spectral behavior of pharmaceuticals and extent of overlapping were evaluated before running multivariate calibration. The UV spectra of the studied systems are presented in Fig. 2 As indicated in Fig. 2 , all drugs exhibited strong light absorption over the range (200 300 nm) in addition to intense overlapping among the signals. For PAR-DPH, a large spectral overlap was observed between both compounds and particularly over the range 220-280 nm. In addition to intense overlapping, PAR has better UV absorption compared to DPH and would make their quantification by simple spectrometry (especially DPH) a hard task. The intense absorption of PAR at 243 nm was mainly attributed to the n-π*. One more point on this PAR-DPH is the presence of DPH in much lower amount compared to PAR in real formulation and this added more analytical obstacles on their accurate quantification. For the ternary system CAF-PAR-PHE, the solutes were actively absorbing over the region this was attributed to their chemical structure which contains many active functional groups. The spectra of the drugs indicated the following distinct absorption wavelengths at 243, 273, and (215 and 272 nm) for PAR, CAF and PHE, respectively. The reported absorption wavelengths were mainly attributed to n→π* and π→π* electronic transitions in the molecules. In fact, the longer maximum wavelength of absorption observed for CAF (273 nm) was attributed to the conjugated system as indicated from the chemical structures of the drugs (Table 1) . Generally, PHE showed weaker absorption compared to other drugs and absorb near the lower end of the spectral range (220 nm). The spectral overlap between drugs is high over the entire spectral range. Within the spectral regions 250-270, an intense overlapping between PAR and CAF was observed and this would affect their quantification in real formulations. Moreover, PHE absorbs over the entire range. In this ternary system, PHE should be added in much lower levels and this negatively reflected on its quantification in real formulations. For PAR-PSE-CHL, the solutes were active in UV region and this is attributed to their chemical structure which contains aromatic parts substituted with functional groups (Table 1 ). The spectra of drugs indicated the following special absorption wavelengths 210, 242, and 265 nm for PSE, PAR and CHL, respectively. The observed bands were mainly attributed to n→π* and π→π*electronic transitions. Generally, PSE has a poor UV absorption compared to two drugs and absorb near the extreme of the applied spectral domain. In fact, the spectral overlap between drugs is high over the entire spectral range. Within the spectral regions 220-240 and 260-280 nm, an intense overlapping between PAR and CHL was observed (Fig. 1) . Moreover, PSE absorbs over the entire range. Practically, PAR and PSE are added in much higher levels compared to CHL and this would make quantification of the later drug a hard-analytical task. For each system, the extent of spectral overlapping between drugs was estimated using net-analyte signal calculations (Eq. 8) and the results are provided in Table 2 . As indicated in Table 2 , a significant overlapping among drugs was reported and the intense overlapping was in the ternary system (CAF-PAR-PHE) which extended from 68% to 85%. For the earlier ternary system, PAR exhibited an intense overlapping with CAF and PHE which may negatively reflect on its accurate quantification in solution or in real extracts. In fact, PAR is added many-folds higher than other two drugs in the formulation which may not affect its final measurements. On the other hand, the high overlapping of CAF and PHE (68%-79%) is negatively affect their final quantification taking into account their lower levels compared to CAF in real formulations. This ternary system represented a real challenge for multivariate calibration methods due to the intense spectral overlapping. The same discussion is holding true for other systems. The most problematic issue in the ternary system CAF-PAR-PHE is the intense overlapping of PHE with other drugs (79%) while being present in very little amount compared to the rest of drugs. The same is true for CAF as it added in modest amounts compared to PAR which added in much higher dosages. In the same manner, accurate quantification of DPH (spectral overlapping 62% with PAR) in real formulations may not be a straightforward analytical job. In addition to spectral overlapping, the presence of un-calibrated excipients in the extra will add more interference on analysis and hence reduce the performance of multivariate calibration methods 11, 16, 17 .
Pre-processing of the UV spectral data by CAP: Signal amplification
For better assessment on signal prepossessing before PLS calibration, UV spectra of all drugs and their mixtures (binary and ternary) were recorded at the ratios identical to the real formulations along with CAP spectral transformation. The results are shown in Fig 3 .
For better assessment on signal prepossessing before PLS calibration, UV spectra of all drugs and their mixtures (binary and ternary) were recorded at the ratios identical to the real formulations along with CAP spectral transformation. The results are shown in Fig 3 . In the three systems, UV spectra indicated a strong absorption signal of PAR due its higher concentration. For PAR-PSE-CHL, PAR was added in excess than CHL and CHL by 150 and 10 times, respectively. While for PAR-CAF-PHE, PAR was 100 and 20 times higher than PHE and CAF, respectively. For the binary system, PAR was 20-times higher than the other drug. The high level of PAR in the systems would explain the similarity between PAR and the spectrum of the mixture in all cases. The difficulty in analyzing the mixtures was increased by the fact that the absorptivity values of CAF, CHL, PSE and DPH in the respective formulations were much lower than the other PAR over the entire spectral domain, making their accurate determination a hard-analytical task unless the components are separated before detection. This difficulty drastically reduced the chance to apply classical spectroscopic methods which often adopted discrete wavelengths for detection. In these cases, multivariate calibration methods seem more suitable because they use simultaneously a large number of signals per spectrum. However, considering the difficulty in solving this type of mixtures, an appropriate pre-processing of the analytical data seemed necessary in order to minimize any instrumental interference and at the same time select the most useful information to emphasize the contribution of substances of low concentration.
As outlined earlier, CAP treatment transforms the original UV spectrum into a new curve created by using the area underlying the spectrum. This treatment is based on two mathematical steps as outlined earlier. Indeed, the conversion of original UV spectra through the CAP method provided many advantages among which the amplification of the analytical signals. Fig 3 shows the outputs of CAP treatment of the spectral of the three systems where drugs recorded at their actual ratios. The major differences in comparing the original absorbance curves with CAP plots are: a) the magnitudes on the y-axis indicated a high amplification of the signal and this supposed to increase the sensitivity of the quantitative measurements and help in quantifying the components even at trace levels (like PSE, CHL, CAF and DPH in the presence of PAR), b) CAP was able to magnify the weak signals of PSE, CHL, CAF and DPH and over the whole spectrum and this option is rather fundamental when applying multivariate techniques which utilize the full spectrum to extract the maximum analytical information, and c) Unlike UV signal, the values of CAP signal were stabilize at constant value and this was reported for all drugs. This stable value, in fact, is due to the additive contribution of all intensities at all wavelengths. It was reported that CAP filtering would end up with accurate quantification of drugs when present at trace levels 7 . The analytical matrices were built on the spectral data. In the matrix A (dependent variables) each sample was described by n variables, corresponding to the wavelengths and to the respective absorbance values; in the matrix C (independent variables) the samples were described by the concentrations of each component. Two data matrices for each drugsystem were created; the first matrix contained the untreated spectral data while the other matrix contained the spectral data upon CAP. The calibration curves relative to the binary (PAR-DPH) and ternary systems (PAR-PSE-CHL and PAR-CAF-PHE) along with CAP transformation are presented in Figure 4 .
data. In the matrix A (dependent variables) each sample was described by n variables, corresponding to the wavelengths and to the respective absorbance values; in the matrix C (independent variables) the samples were described by the concentrations of each component. Two data matrices for each drug-system were created; the first matrix contained the untreated spectral data while the other matrix contained the spectral data upon CAP. The calibration curves relative to the binary (PAR-DPH) and ternary systems (PAR-PSE-CHL and PAR-CAF-PHE) along with CAP transformation are presented in Figure 4 . 
Determination of pharmaceuticals in binary and ternary drugs systems by PLS
PLS and CAP-PLS can be created and applied to predict drugs without previous knowledge on calibrated solutes. However, intense overlapping between drugs and strong influence of excipients would affect the prediction power of PLS 15, 16 . The performance of before and after signal filtering drugs prediction in validation set is provided in Table 3 . Prior to PLS calibration, spectral data were filtered using cumulative area pre-processing method (Eqs 11&12) and PLS variables were provided between brackets for each system.
As shown in Table 3 , PLS was workable to predict PAR-PSE-CHL and the best prediction observed for PAR with a REP value 3.9%. In general, PLS was not so-effective for predicting PSE in the mixtures with a high REP 12.6% which may not acceptable for pharmaceutical analysis. The modest prediction of PSE was mainly attributed to the intense spectral-overlapping with other drugs (Table 2) . Accordingly, application of PLS for PSE and CHL may not be workable taking into account the negative influence of excipients in real cases. As indicated in Table 3 , the performance of CAP-PLS was very promising with REP values of 1.7%, 2.5%, and 3.1% for PAR, CHL, and PSE, respectively, and this reflected the high closeness between nominal and predicted values. The earlier results showed that CAP-PLS outperformed PLS for predicting PSE and CHL in ternary systems. In general, CAP-PLS was excellent for predicting all drugs with PRESS values less than 1.0 in all cases. The same results were noted for PAR-CAF-PHE where CAP-PLS outperformed PLS for drugs quantification with final REP 2.1-5.8%. The best prediction was reported for PHE down to 1.0 mg/L in mixtures rich with PAR and CAF. Due to the lesser spectral overlapping, both PLA and CAP-PLS were both of comparable performance for PAR-DPH quantification, REP was all lower than 5% for both methods. The superiority of CAP-PLS was mainly attribute to the effective signal filtering prior to PLS calibration which improved final prediction 7 .
Quantification of drugs in real formulations
The real testing of the proposed CAP-PLS method will be assessed by analyzing binary and ternary systems in the commercial formulations. Direct analysis of drugs in commercial tablets is not an easy task due to the presence of drugs in unequal quantities and also the presence of excipients that did not involve while constructing calibration mixtures. In addition to the above, the drugs are often placed at concentrations far higher than the calibration solutions. Therefore, all the ingredients should be properly diluted to be measured with acceptable sensitivity. In this case, signal filtering/enhancing will be essential before running classical PLS calibration. It is rather essential to mention that matrix-cleaning methods may be adopted to eliminate/reduce the influence of interferences before running analysis [22] [23] [24] . It was necessary to evaluate the effect of dilutions on drugs quantification. The spectral shapes of the systems and at variable dilutions are provided in Figure 5 . Drugs quantification in real formulations is provided in Table 4 and the PLS outputs are provided for comparison purposes. As indicated in Fig 5, identical UV spectra and CAP signals were observed for the systems. Higher intensities (for CAP signals) were observed at lower dilutions (DF 10 and 15). Initial analysis indicated that running PLS or CAP-PLS using signals recorded at DF 10 or 15 ended up with high prediction errors. In fact, at lower DF the content of drugs is much higher than those used in calibration mixtures making external prediction is not valid. As already known, the external prediction of solutes is often dependent on the ranges selected in the calibration mixtures. In the current systems, the best prediction in real formulations was achieved at DF 15, 20, and 25 for PAR-DPH, PAR-CAF-PHE, and PAR-PSE-CHL, respectively. Both models were used to assay drugs in real formulations which based the same composition of the calibration mixtures. The results, provided in Table 4 , indicated the high performance of CAP-PLS for accurate quantification of drugs in binary and ternary systems. For ternary mixtures, CAP-PLS manifested better accuracy than PLS with recoveries 94.3%-102.6% and precisions (RSD) 2.1-3.1% for PAR-CAF-PHE and 98.9%-104.6% and 1.5-3.1 for PAR-PSE-CHL. It seems that signal filtering by CAP has passively reflected on the final PLS performance. For the other binary system, a good agreement was observed between experimental and nominal levels (obtained by both models) of the commercial formulation. Again, PLS calibration created using CAP-filtered-data generated the best results and may properly handed the negative influence of excipients present in the dosage forms.
UV-signal filtering by CAP prior to PLS was found more effective than PLS when handling ternary drug mixtures. The proposed CAP-PLS can handle systems in which one component present at lower levels in the formulation. CAP simply estimated the cumulative sum of the areas under curve between two consecutive wavelengths which improved the analytical signal. The proposed CAP-PLS was effective to predict two ternary systems (PAR-CAF-PHE and PAR-PSE-CHL) of intense overlapping and containing one ingredient available at lower concentration. For binary system, application of CAP-PLS was as good as classical PLS along with raw UV signals. CAP, as an appropriate pretreatment method, have been succeeded for accurate and simultaneous quantification of commercial pharmaceutical formulations in which the ratio between the components is highly variable.
